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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a calculation 
process load on a computer in which modeling is easy 
and which is related to a finite element method, in the 
case of predicting bending life of a wire bundle in a 
grommet using a finite element method. 

SOLUTION: A grommet is modeled by substituting 
structure bodies with a virtual pipe considering only a 
marginal space dimension, with respect to a center line, 
with no thickness, of the wire bundle, to divide into finite 
elements. Since a shape is simplified, a calculation 
process load on the computer is reduced. 
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<73jSfffigi5<73I^Jl<7347-C,',^i;9 a . 9 b SriiiiXS .t (4PSb 
TiV'o tfb-5. FT3755S34^®(;:/4'5r il-ioX. {g 
ffl^<4'7'9SO'®i^^l 03tFb'^8;»5(2i 1 ocoj; 
ft-f-Si:. <734>b'i^8/45'?r<73^'g>'3''T03{jig 

lc»J^SrS:lt S d t X{g®/<4' r 9 <73iSiilig|5<73F7l^<734> 
b\* 9a. 9 hA^h -rintzitKMiZ Ai^ZtAmtA^ t'X 
r<73 4 9tC. ®i^^l <73tp-bi^8^3^^<73b03t 

mA£^B'ikxx^ 'j '^yvxm&m^(D^m^not. 

30 tf^$ft5;ii:(r/4oXbS3o 

[0 0 3 8] ZiXhnZtA^h. Z(Omt&(OmmX{i. 

(gffi/'V 7"9 (73ffl£^f5 t A/ bX®i^^ 1 <73<t7,b 

i^8<73^7="y 5 (WT i; 

ft'i'-s) „ X7*4f7-b. 1 <73tF-C-'^8 (®ilSS:i<73 

&0'{gffll/<4’X’9 (i/o> -y h 2<73H^:t^) 
745-ii;^4^lciEE^'n^)^l4. 01 103 4 3 1:1. mM 

^1 0347'L'IS 8 75;(Hffl^''4’X9 03piSSggR034>'b,*9 a . 

9 b 3twgESX'5'b0303, {5^'<'fy^9A> 

^^bb7t^-^l4. 0 1 2.gO'0 1 3 03 4 3 1^. -t03(g*g 
40 /<-< X9 03Pi^gP03t>-L'.* 9a, 9 b 03Mti[5;EtCj^ifg 

•lir-ric. 1 $:0^X-5 KTS&O'tKx-i' 5 03i7 7 

'^y'T cDiiLmiz<r>7^m.^sK 1 03<t>-bi^8;45f^^$n-5 4 

[0 0 3 9] fcfc'b. ±ili034 3l-. (gffl/'V7"9;J5 K 
T3 03Bfl4*tfl§lz4oXffi‘®XS^-&(c:. ^4xCi^JS:x5 

y F 2 03f*l®gl5^f03cFFamSI-*3V'X®^ 

ft. zcom-^iz(r)7i-MS^^i X>BilPA'^yo / y 2(DB 
■mzp-zyxm^^^^if^ztizfi^o Z<DZt^^^ 
b; r <73Hl(gO30fiSXI4. f^KfiX-5;^^2/XS 0 61143 
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9 

U, 1 (mi 5 #83) 

2. h2{coV'T. KTg3^Sr#®bfc)^4>t(73j^ 

9 r irldi'i-S, Ttfc't. Z.(07.=f 

i/^s 0 4 IwJol/'TliUtT^H-f', %}&<r>7.7- 

[0 0 4 0] (SSl^'V 7'9cortgi5lr®i^:^ 

1 <^‘f>-C,'^8SrSiS$-tir-5ii-^(r. (5ffl.^'V7"9co#:i£ 

<L'i^ 8 y 9 (d <fc o »t 

•r/i^) .t 9f^^&•^ToT^'^cOT^ 

ee?l5<oi pJd{g®/<^y9roffi7S4^.iL'id@*$ 
H-Ci/'5i:(S«UTff»^ tfc^-g-tdJt-<X. 

[0 04 1] b;5^'b> (Sffl/'’'1'^9 Sft:ro#PS^^)ifetd 
^ MWtoS $r^'B§T' =iV t’ a. 

-i?X<^tf^i!lSI:MW$rycti(d(£«^i-5 r i: -5, 

$ fj ld<g^./-?-Y y 9 ?r WPgSI*^ S td J; o T5)-*il-r •£ X 

[004 2] 1-3 i$mmi'^mvfi:m 
;^^s/7's 0 5 (djoV'T. ±l2:^^-;/d^S 0 3Xf^^b 
KT/<^>yU4 6 cD^))^)i^4^(DX-^/P 

±IE^7"'>rs 0 4T'f^^Lfd(Hffi^<-r:7'9&U'® 

\ A<oi:o 

id-^efbT. Kr^^n-»(7pwpg^^^x>'i-^f^^-r 
Ai$:6^{d(i. ;^7^2/7'S 0 1 T'AyiLfd@*,*(7?5t 
5/7"S 0 3 TM^^U^d b'Ty<^-/U4RV^ 

''"^'^>'6 izy^a y h b <d)@^*CO^fi'®^(d 

X y y S 0 4 1 CD4^-C,'^^ 8 30 

[0 0 4 3] iJ:(d. p«;^-;/Xso etdioU'T. h'rmm 
^^/Kd(gte^^$rii;^D-r-5o r rxfian^x/^srffl 
V'<5, fdfc'L. ^^^1 OT®m<om)®(dol'T^T?r-^ 

1 5(vxj^£(sm^i^ «KS6<i^gRW) 1 1 

U. 2gt«^&BW^JSW;N-<tfe5]g®<75iN5ftW<k 

b, mm6fjK(Um/i '^^£ -5 

iP^cDigffl^iai 1 <k-t-^„ -^rb-C. b(7D(5i©tji^!|} 1 1 
h2ldJ;'9^Hf$ix/d^)tfi§T-[«te-f-?)ii:75‘ 
b. p< 2/ h 1 iw^$r%f®b. 

(S^g 

^i^l KOJfmcoMlE^fr^o fm^m<oMri$6fj^£ 
S^r^tefdot'Tli. -teS<]/j;WPgg9K-^r/KdioiiS 

y)ZZV lil¥!ji b I 'o 
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[0 0 4 4] MV'T. ;^7"y7"S 0 7X{i. Xxs/:^S 
0 1 X'ATl^nfc KT 3(OB^P^^*ldS':5l'T. <5i®-e 
7^/HdiiJt^)fl:^^ 1 co^J-iL'i^S SrSiiJd. KT 3COM 
^feftS^i0'H4^te<0'E:n^ix<0®-g-|dov 'T<o«j||^ l co 
8 cofi^#^R ^ff^-r 5, 

[0 0 4 5] -e-bX. 0 8tdt3V'X. 

i<of.C,'i^8cog#:fr(6]tdibX'X. t 

S/IT's 0 7X*f|- 

10 ti. 

Ky-fy^co^^coiEttSeidiE 

ttXSc 

[0 0 4 6] <2. ^ffl^^tB73XS>m 1 6 li. 

hx^s, 

^ftib. Cicollll 61d#b7dtog|#Jili(d5fegEtt7d#MI& 
pwtbx. w^^i(Dmt^m^tm.^mtWLt(r)^mm 

[0 0 4 7] 2-1 -77.^— 13-^ 

20 (Dm^nm (#tfi^p^) 

-7 7^~-fs—r/ (#^iF-ig||*ilS) C0©^#xm^di5^'x 
(i. co^isidov'x. 
(atf^xmx-coffi^^^^cofaids^t'x, 

m'^<oi^yymm±x- 

7“ns/ hb. Ell 7(0 <t p/ija(a6t)idtgMfti^?Sr:t?«). 

t-r^o mmco 

?:# bX</ '-So 

[0 0 4 8] r:iX'. ^i^cOM^^ftfitdoV'XIftP^-r 
5, i§^i^Sr#fe»®(dXlSSbX/j:^^^(0#@^: r ir 

•r^, mm-iib xmj^ ^if xtiv . ^<o*if#®^R 
<t-rs<!;. *^KliK= i/RX'^$iv-5, :i(Ot#ld 
¥^S<offi|t®coSffi(d^bXHS3g^ £ (ii^c<o (1) ^ 
coj: p{d*$ns„ 

[0 0 4 9] 

s = 2 7E (R+ r) /2 tiR- 1 
= (R+ r) /R- 1 ••• (1) 

^ :i X. KT 3 tt sffi®{dgEH$ n s 

40 (diii'X. ^<0®tfl3$r§:lt-5{4®X®t,etaib7c4^figco 
^i^<OM{f4^^®$rR,<t b. ©t>#fibfd4)^®c0V^S<0 
*{f#t2^R«i: bX. bcoat®*bfd4)t(!§i:Sfcfi^ 
fi bfd4)^fl8 1 coPiUXiililgld^ •) il bffitf^SS b7d i # CO 
iffeMl®iefficoM7!'-^(tfi?r A £ A £ (i2)cco 

(2) ^ldX|!l$n^, 

[0 0 5 0] 

Ae= (Ri + r) /Ri- (R, + r) /R, 

= r • (1/R, - 1/R,) 

= r • AK ••• (2) 

50 ^iJo. (2) ^ldlol'XAKIi¥i^id*g'9i§bai3(f5riS 
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-5Ci:;55T*#-5o ^• 
<O^Ul$nfcA K?r. ^i^(7)=S-gBtelc-oV'T y ^ hr S' 
7'b, ft'bfitc^yct'/'AKSr^fflLT. (2) 

[005 1] —:fj. 

^-r-sr t(rJ;oT3}ti6-5„ Xxfiw$D<, tSaTJ-iJJt 

tr±i: LTXga$HTV'5t>co-efc'9, 10 

Ate#t4A5fo.5o t^oT. 

1 8WJ; 5(;:£'^^iia«ri:lrtToTife<, P)[2I<7?1^W 
U-CV'^o 01 SCiTFi-J; 9lci. ?a^A5{STi-5»5<!:*® 
^A^M< 'ioTl/'-So 

(0 0 5 2] 2-2 S*ftSr^S^brfi.;9^^-fl;a$r^tt5 
i-^T-U 
nkiz. 

-fkSA f <7?®^lwOV'T. -t 20 

[005 3] r ::x*li. ^-f0 1 6 <p(D;^^ -yz^s 1 1 
(zisi^x, wMm.1 i a 

i U-C-C'(i7i< , m2 0<OX^(Z. ^co{5^mmi 1 a 

rttrn^(;igas$n5=&miSi 2(z':>i^x<offm^. ±' 
fsufciss^^i 1 X 7 

6P^. ^7^S':/S 0 8(r 1 1 
w* te* t ® tWg L7t4^flgcoisi:^(7?ii^^^i{c 

m<^^mi;t,^^LX. ^(Of^SilXMhM^^'ft&A e 

lj:M^l 2coMi>M^ 

02 0(73 J: 9 

(z^ i<z>^j^(z^Lxm.Bi 2 7);iag$^^T 

t'^-bcoirL-, ^nti-h^x^ e (D:k^ 

7i«ISl 2;6v 1 cotftifij^fsiriol.'-cft'bl^i^fflil 

2 1 LriS(i*n-5, fcfcL, 

{cfc'V'-C^g^(7)®^t 1 2(^±75'*J; Cil-Cgas$ns^-^ 
C<73®-^(±. i:'<D®^l 2<73M^SSltftA e A'^ 

•5fc*. M;^l5:^t:ffl:A £ 2Am?ll^ 40 

■5^ic(±, -etoi.'-rHicoi'T'bai^ggibfiA £ 
tijb. znizm'^^'xm^i^m^mtmA e irinxm.^ 

1 2Srlt$5L. 7lff^£0^lcaHRi-4x(iJ:V'„ 

[00 5 4] -e LT. yXS I 1 (73f^, ®>C(73M^ 
^SftSA £ 5r#-f 1 2(c*ii'T, & 

tj#SLyci^fl§T'C73*i|5itiSR$rR.<!: L. 
Ed6Lfc#ifiiT'(73*^4^fgR$rR!t L. 1 2<73X 

ta<73#Pi^5^^fe(;ij;5di3'^fi:imxjsici;eoT, ia^2t' 
fkfiA K5rdd'?ifiS:7r-r7U/-5‘>bljg;^iAti‘„ 

[00 5 5] iJci::. :^f-yys 1 2liibX'-C. 1 2 50 
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(73@Sr r <!: UT. 1 2 

m<o{A) ICS^V'T. ^(Ofi;^S<t;gA £ ^rXiauTc 
( 2 ) ^[cefoTffSt^-5o 

[0 0 5 6] ^v^yys 1 3 l::iol,'T:, :^^y 

■xs 1 2XJ^tbitm^mtm£^ £ 

tzmmi 2(73^.Srig^<, 

[0 0 5 7] 2-3 -ry.d' — ti—Zf 
-'(73,^.'g-XS 

^LT. ;^xs'7’S 1 4lr*5l'T, :^^yys 1 3 -CiM 
«lL-7cftyc<73Siy^^{tiA £ ?r, 01 
—i3—-X tr^-Cttsy, ^(Dt^corn^ 

<73fit^Eft^^(73i^S!lfiti:-r-5„ :ir-C'. iM^$ix7c® 

mMii 2(73Stc:fe#L7‘j:V', L7c:;)5oT. iS«^$ix7c® 
mi 2(Dm^^'{tm^. ±ieu7ciWPSM^tei;ij:'5ft^ 
faH-^XSX'»aii-5Ci:;)5T'#^xtf. 

1 2(Dm&^if¥izxh-r. 

^ZtA^X^^^ 7^i4b\ C(73Cirl4;!p:^P^{C;5^;5^.5iM^i 

^ixtzm.mi 2(om^m^^m:>7^Amm^ivtzmmi 

2 (73gio“o^#?r^< atJf: LTl 'Til 'w i: SrS5fe LT V '•£ 
(73T*i±Ti<, ^mn-^tx^x^'^mm^MzMmi 2 <d 

( 2 ) ^(wiSoTgiai-rsgpgicjji'-c, 
^cDSr §:%®UXi'-5, r (73<t 9 
7c®ilftl 2 coMa°Q^#(ZJ:ib-r. ^(73®*^dh$rX{Sl3 
^iiJ-f-Sr t;J5T*#-5/ti6. '7-1'-^— /N— ^.;^.(73^f|-^ 
lw^( 0 ^raiJ^^SrSi*-t-S r i: ir J: o 
7i5^t6tTii9. m^mrn^(ommi:iEi^z i:A'^ 

•C't-5. ®E6fS^iiJ^(737c«6(C|l^(3tT9f^lS^Sr 

:: i: ^5-C'^ 5, 

30 [0 0 5 8] tz^x\ mm<ommA’^mizAj:-orzmm^ 

<omm^-irtt^irsm<r)wmwmt Lx=jX7c6f)izm 

9 COA'W-WIX^ ^A\ Z (D^^coBBXHB'^^ CO 

mm^sm<r)mmi^t Lx^nkTcd^iz^n^H^^ n 
^X^(OXIiAj:< . ±iit><73dS^[atf®Xg(c*3V'X. m 
((Sffl^isi 1 ) izmm.iti.x-^ 
<73#pg®^i: ZiUzX^^cDB'^A^m'^ 

^ixfzmz^ ^<Df^^(Dohco^h^2i.^itm^ E <r>iz 

1 2iroi'X(73;^, *— yirfis.ib b 

•c®dd^#i='a')Sr^T'9To-cl'^, c(73<t9(-, 

izm'i<^{±xctAj:<:is.mmm i i <ommm.'i^Rv^mf 
mi±=^^y'j>'-/Lxmnx.^ztx\ m.m^ i 
Sr:*:<>iir^iK{bL-crK^-r5:i <t7)*'-C'# So .-t 

(o'fsmt Lxm.M<Dm^m^izmi^x&&Lfzm^0^ 
^0"^iPl)^a$r^^Sr irA'T'tSo LfcASoT. 3Vt'^ — 
(^Srffli'fcWPg^^rife (-V h y S'i';T^lc:y3fi?Wte) T*® 
ft#dh(73iF-MfaSriKBt-t-S^!c. 3>f^-^T<73;^f^$r 
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• •5, 

•I00 5 9J (5 

7i;— WMM\<0^>L'^8a)m^l)'^ 

<g'©/''-)'7'9ICJ:oT^@$rS{t/i(,'^^yu) t LTW 
!3H-^iS:tfoTi<'-5<OT'. 

US .fc bT7-f t^Jl=0 
<t 9 :/9 '-5 i(g^ 

bTfi-^Srb/c^-&lrlt^-C. (^fflij 10 

{£) i:;J5-C*#-5, 

[0 0 6 0] 01 9liF;fSco^^$rffl^'T-^ 

7^ — ;«7— 7" MCSrlS^U-Cfc#. ± 

'Dtzmx^h^. 

[00 6 1 ] ^^7 y— ^ffl-'*-i'7’ 

9 <7?4S5fe4>'C,'5r«lim 1 wif-il'^S 
t{g«bTS|;^^'{tSA £ Ro^l^oe* 

o T^i^tw M ^ £ T*o#ffijlt() w@S5:Sr 7* 
n 5/ N Lfc^, ^.P 1 ro^gm$r^#/Co b?)^ L/j;;45 e, ^ 
-^7.7-*— 7'MC;5'ib:*cf^<-rttfc^. 
trT’n -7 h^ttXV'Sr t;55)l¥S, 

[0 0 6 2] 'tUt^l^bX. ±j^<0 X ^ <J —X 

£ $rff^$rb, 

o K T*co#ffijl®)C9l5]|S 

ir^a y h bfc^-^. .^. P :iro,^,P 2 

(i. -^7^— ;*— 7'MC(C-^i5cbT*J'? . Z.cr>MM<DJf^ 

<t $riiE 

BJbTV'^o 

[0 0 6 3] b;^^b. {5«^W7'9 i{$:<7?WPS®^)!fe{r 
i-5=> ve^L — 7ft?W*aSSr^'B&T'# =i:/fc"a 
— 7X<7?tf3iAaa:ft^^$:ycitillrfg^-f-5 r i: ;5!X# 5., 

[0 0 6 4] fSj. ±timm<DWmXti. 7X->7’S1 1 

~s 1 5(3*51 'X, 1 mm^mi I a) ^xm 

t <D:k:^ I 2 (3oi,'Xj^ffh 

^iS'JSrff oXi/'it;)b b*U3ft;bX. ^|ie(3{gffi¥ilS 1 
1 (0 1 5#RS.) bnSr 

®«5ll 2X)ffiti^p^iF-jRi|t bXb-tV'c bro^-g-. 

(2) ^tpcogrli. (Hffl^ISll iwm (gn-^. 
l(om ^JgfflbXtmX*UiJ:Vb 
[00 6 5] iitiL<ommx>mm] ±sd.-<DmMKmmx 
li. f&?aTl3*ii,'X. F^Sl5<7?!g;(^S|5;{i!5KI^X'5<t y t.5fe 

13. bX<OJ6Jt®(37 7 7 7;JJ5feb. zcoi'v 

&I5W!$(^gBA''lgrt!^X-5®'g-<oeg6^B^^i|i):^te(3oi'X 
!S.B^bX<.'ito 

[0 0 6 6] bA‘bncASfj, :StaX#50®-^l3*ii,'X 

14. bxaffl{Sl¥]4ro'>/j:v'^>n 
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y>y <j--(DmHm^p ia«fe 

p VC^cOjfejt^Sr^bXl'Xt,. 3inP><79 
®^^$r^yi§bffift bxi'< t. 
iy 77-7 7;45^bSWBfI(3. (^Si5CD:E:i^i:/i5«»:gi5 
d5»fli-t''5bi:A5fcSo Z(DZtA^h. ^]£Tt-*3V'X 

^ tpb^. 

OJS*^^l4. (^gi5i79^^^<7>®tt#^(3^bV'i:#;t 
t;)5Xt-5, 

[0 0 6 7] bCD^-a-(3(4. -^7^— ;(7-7't bXj$i$: 

as Rnw.m^tm-^n<i>m.mz'z>\.^x^ 

«i!)-^7^— 47— 7'5rjft«6X*5#. 1 (75 p 

£ (7?yc§-7“ifl:M 1 2 tp<75^<^a5(30V>X. 
■?-(7?fi^^Mt;fi:A £ ^#PSff^te(3j;y^j7). ^(75^^ 
7 7 — 47 — 7’(3ffi-& bXi§«:a5<Dffiai^^"f'a'J Srtf 

[0 0 6-8] r<75^-g-(3*3t,'X'b. 

7Ht: bfc{gS¥«^ 1 l$r«^b, ±IE(75-(75|?JS(7)fl^® 
(757X7T’S 0 1 ~S O 8 tl^^(3bX(5ffl¥^l 1 (75 
20 H^^'-ftSA £ 7j5*:^i:7i6V'-m 

4)^(75®lil 2S:7S?ib, -t'75[7sa5(75^ffa5(751^;yt5:. (5 
1 cDff^4^(3ic:bX^0t;£bfc^. ^®^^as(755y. 
(75®ft#AiF'SiJ?rfTXlf4:l'c r (75^-a-(3*3t4.5 (2) 
^4^(75^ r (4. ^<^aS(75@S:igffl-f-.5o 
[0069] 3.(754:9 (3-f-tUS. ±ia(75— (75||J£(75Ji^fii 
<75{g;iaiS:^T»3*jlt.5®j|$^ 1 (75ffi*??^4c (tX-T^ < . 
^?£^^T(3*3(4-5a^^ 1 (75ffi*^^§r'bS^(3^SiJ 
-r^ b i 7)5X*^ S. 

[0 0 7 0] W±:i(75%P^(75#^l®CT(30V'XIftB^ bfc 
30 7)5, b(T5^?^(75$50(4±fEIIJfe0iJ(3PglbnSb<75X'l47^.C 

<. Ssfi-$ix73lf^(75®SHt3 4:oXj^^$n-5. 

[0 0 7 1] 

fg7l?7ll JS:05iS3tt7®2(3f5^(75^§^(3J: 
ni4. 1t#:(75m^A;^(3 4iofcai^^(75lc:4jSr7^pgSm 
&X?i^tt«¥tfrX5^-&;3. 7^Jt56^(3(4]@-tr(75^^^^n 
^'4LS'Hli<75^PSg|^-i: bXE.^):7E&tI(3ft?^ffSr^TP<757)5J^ 
MI|Xfo-5 7)5. :: (75Hi£c7511?fl§X'l4{@^ (75®i^5rSiJflS(75l#? 

\^X=.d^7i.^\z^iX^iX^^') yifX^<DX\XAi 
<. gifW6yi3(Sffl6<)/£^|!g{3MiM(tbX^^697iii^:y^$r 
40 j;p(3bxt'-5(75x. 

•573*513, ®i|$^(75|i?|^C75lSit(3S<5<!}^t4X'(47i 

'^vxxm 

n-t^ZtX\ ®IS^(75iH5(t^4c(>g(3^^ft;bXtK^X 
•5b<t7)5X#5o -ebX. ^:(75*$Sit bxmn(75ffi*l^ 
^{3fiB*5Xjff® b73ffittf?(^I(75^i»J^il:Sr^^5 ^ <t 7)5X$ 
5, b/3A5oX. => ve=L-<5'5rffl^'73WPS^t^ffe (-7 

h V ■y(' xm^m^(o^mm%:mn-t^ 

|?^(3, ro't'.r— 7(75Al^S:(&il^X-^. ^^<i^i|iJfitSr 
Hxm $ -ti: 5 3 1 7)5 wriig i: 7^4 5 o 
[0 0 7 2] Sf3. iSTft^ 1 (3lE«t(75%?^|3J:nt4. a 


50 
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IS 

^i--5Bsir. ^-rm^^<r>^j]mmvi.i: . m^M<D^'L'm 

9cDf^ffigi?«:iib'V'T®^^co4’,C,^i^^;j«o:^$4x/j;i,'J; 5 ' 
lzmMM<D^‘L'l^<7:>V]mB^^Si:'&LX'^'i)COX\ {5S . 

xo\,zm.i^^<^nm^i^k-t?3m^iztt^x. ^ncom 

(00 7 3J l»3K«3{c:iEfsW^p^ic:<tmi. 

1 j|s:<75^i^{Cj^i9i§L*lfS:ffiLr. 

-to 

^:ztizx-ox^mM^m.^^(r>m&m-^%:i’mvx^^ 

[iaffiwf0!*;tlji?qj 

[HI J S®)^co Kr^^dftffl^nrv'-5r7-i'-v— /N 
— 5:;^-t-|a T-^ -So 
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